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(57) ABSTRACT 

The invention provides a method and system for puri?cation 
of a carbon monoxide, nitrogen oxides, incompletely com 
busted hydrocarbons and soot containing exhaust gas from a 
combustion engine comprising the steps of catalytically oxi 
diZing the carbon monoxide in the exhaust gas, retaining soot 
and remaining amounts of hydrocarbons in the oxidised 
exhaust gas in a ?lter, addition of a reducing agent to gas and 
catalytically reducing nitrogen oxides, and obtaining a puri 
?ed exhaust gas. The invention further comprises the steps of 
controlling a temperature in the oxidising catalyst by passing 
at least a part of the gas from the engine through a ?rst side of 
a heat exchanger, and passing at least a part of the puri?ed 
exhaust gas through a second side of the heat exchanger, and 
leading the remaining amount of the gas from the engine 
through a by-pass across the ?rst side of the heat exchanger 
and leading the remaining amount of the puri?ed exhaust gas 
through a by-pass across the second side of the heat 
exchanger. 

9 Claims, 6 Drawing Sheets 
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METHOD AND SYSTEM FOR PURIFICATION 
OF EXHAUST GAS FROM DIESEL ENGINES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to ef?cient puri?cation of exhaust 

gas. 
The invention is speci?cally directed to a method and a 

system for removal of nitrogen oxides, carbon monoxide, 
soot and remains of hydrocarbons from exhaust gas from 
diesel engines. 

The invention is especially useful for vehicles driven by 
diesel engines, Which frequently start With cold engine, or at 
places Where several cold diesel engines start during a day. 

2. Description of Related Art 
Methods for puri?cation of exhaust gas is knoWn in the art, 

also methods including devices taking needed and created 
heat into account. 
US patent application No. 2006/0096282 discloses puri? 

cation of exhaust gas in an apparatus With parallel channels, 
Where the ingoing exhaust gas ?oWs in every second channel 
and the outgoing in the other channels. The gas stream turns 
in a chamber, Where heat is added by a burner. The exhaust gas 
is cleaned by catalysts placed in the last part of the channels 
upstream of the chamber and placed in the ?rst part of the 
channels doWnstream of the chamber. In the empty part of the 
channels heat is transferred betWeen the dirty exhaust gas and 
the puri?ed exhaust gas. In this Way the performance of the 
apparatus is adjusted by the fuel consuming burner in the 
middle of it. 

Also patent speci?cation US 20070059227 discloses 
exhaust gas puri?cation, Where the exhaust gas is passed 
through a diesel particulate ?lter, an oxidation catalyst and 
subsequently through NO,C puri?cation. The gas entering the 
NO,C puri?cation is heat exchanged With the gas leaving the 
NO,C puri?cation, Where heat is developed by combustion. In 
this Way, some energy is saved for obtaining a correct tem 
perature of the last of three steps of the puri?cation. 

Engine exhaust gas is puri?ed in a system comprising 
heater, thermal mass and ?uid cooled heat exchanger besides 
the puri?cation catalysts in the process of US. Pat. No. 6,347, 
51 l. Upstream of the system, the exhaust gas passes partly or 
entirely through a heat exchanger, Where the gas is cooled or 
heated, in the latter case energy must be added to the system. 
A diesel particulate ?lter puri?es exhaust gas by a process 

described in JP 2005299474. Part of the gas, Which leaves the 
?lter, passes through an annular space around part of the inlet 
pipe to the ?lter. Thus, the entire inlet stream is heated by the 
amount of heat, Which is able to be transferred through that 
part of the inlet pipe. 

Another exhaust gas ?lter system is described in US 2005/ 
0098042. This engine exhaust gas stream can be entirely or 
partly passed through a heat exchanger upstream of a ?lter. 
The heat exchanger is typically an air/ gas heat exchanger With 
the gas in tubes meaning that the heat transfer is dependent of 
the ambient air. 
Some of the processes of prior art need additional energy 

supply to obtain correct catalyst or soot combustion tempera 
tures, some of the processes recover heat to a certain degree 
by transfer through surfaces of limited area, and some pro 
cesses recover heat in exchangers, Which create relatively 
high pressure loss of the exhaust gas. 

The present invention relates to a puri?cation method and 
system possessing high degree of exhaust gas puri?cation and 
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2 
high degree of heat recovery during all engine operating 
modes simultaneously With creating only a minimum of pres 
sure loss in the exhaust gas. 

SUMMARY OF THE INVENTION 

The invention provides a method and system for puri?ca 
tion of a carbon monoxide, nitrogen oxides, incompletely 
combusted hydrocarbons and soot containing exhaust gas 
from a combustion engine and comprises the steps of oxidis 
ing the carbon monoxide in the exhaust gas in presence of an 
oxidising catalyst retaining soot and remaining amounts of 
hydrocarbons in the oxidised exhaust gas in a ?lter, controlled 
addition of a reducing agent to gas from the ?lter and reducing 
nitrogen oxide and nitrogen dioxide to nitrogen in presence of 
a selective reducing catalyst, and obtaining a puri?ed exhaust 
gas. The invention further comprises the steps of controlling 
a temperature in the oxidising catalyst by passing at least a 
part of the gas from the engine through a ?rst side of a heat 
exchanger and passing at least a part of the puri?ed exhaust 
gas through a second side of the heat exchanger and leading 
the remaining amount of the gas from the engine through a 
by-pass across the ?rst side of the heat exchanger and leading 
the remaining amount of the puri?ed exhaust gas through a 
by-pass across the second side of the heat exchanger. 
The heat exchanger comprises a housing, a number of 

rectangular plates installed in parallel in the housing, a plu 
rality of Wires betWeen the plates, the Wires being tightly 
squeezed betWeen the plates, so tWo adjacent Wires and the 
surrounding plates form channels. The Wires in every second 
space betWeen the plates are placed essentially in parallel 
With each other and in an S-shape, so the channels lead a gas 
stream from one corner of the plates to a diametrically oppo 
site comer. The Wires in remaining spaces betWeen plates are 
placed so the channels form a shape being a mirror image of 
the shape of the other channels and inlets of both streams are 
positioned on the same side of the housing, thereby obtaining 
essentially counter-current gas ?oW through channels in adja 
cent spaces betWeen plates. 
The invention may comprise controlled addition of fuel to 

the exhaust gas e?Iuent from the ?rst side of the heat 
exchanger and/ or the by-pass across the ?rst side of the heat 
exchanger and then oxidising the fuel in the subsequent oxi 
dising step. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic draWing shoWing chemical processes 
of the system of the invention. 

FIG. 2 is a schematic draWing shoWing the system of the 
invention. 

FIG. 3 is a diagram shoWing the system according to one 
embodiment of the invention and the control principles of this 
embodiment. 

FIG. 4 is a diagram shoWing the system according to 
another embodiment of the invention and the control prin 
ciples of this embodiment. 

FIG. 5 is a draWing shoWing a 3-dimensional vieW of a heat 
exchanger of the invention. 

FIG. 6 is a draWing shoWing cross section of a heat ex 
changer according to the invention. 

FIG. 7 is a draWing shoWing another cross section of a heat 
exchanger of the invention. 

FIG. 8 is a draWing shoWing a 3-dimensional vieW of 
by-passes of the invention. 

FIG. 9 is a draWing shoWing cross section of by-passes of 
the invention. 
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FIG. 10 is a drawing showing a 3-dimensional vieW of the 
by-passes installed on the heat exchanger of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Diesel engines operate With excess air and their exhaust 
gasses comprise nitrogen oxides, NOX, carbon monoxide, 
CO, soot and incompletely combusted hydrocarbons, Which 
all implement health risk. 

These impurities have to be removed, and in the present 
invention it is chosen to oxidise CO subsequently to catch 
soot and incompletely combusted hydrocarbons in a ?lter, 
and ?nally to catalytically reduce nitrogen oxides to free 
nitrogen. These reactions take place in an optimal Way, When 
the exhaust gas and the system are heated up to 300-400° C. 

The invention provides a method and apparatus, Which 
shorten the time from start of a cold engine and until the 
required temperatures are reached. This is obtained by install 
ing a feed/effluent heat exchanger across the puri?cation sys 
tem. The heat exchanger is equipped With by-pass both on the 
feed side and on the e?°luent side and With at least one vane in 
each by-pass. 

The invention is further described by the draWings. 
The part of the system of the invention, Where the puri? 

cation takes place is shoWn in FIG. 1. 
Exhaust gas stream 1 from an engine ?oWs to a diesel 

oxidation catalyst, DOC 2, Where CO is oxidised to CO2, 
Which at least is not harmful to the health. Also NO is oxidised 
to NO2 in the DOC. These reactions perform optimally at 
300-350° C. In order to maintain this temperature at all con 
ditions, some fuel 3 can be injected upstream of the catalyst 2 
and be catalytically combusted under heat formation. This 
catalytic combustion is possible at around 2000 C. and above. 
Normally the gas is 350° C., When leaving the DOC 2 in 
stream 4. 

Soot and incompletely combusted hydrocarbons in the 
form of particles in stream 4 are caught in a diesel particulate 
?lter, DPF 5. The ?lter canbe coated With a layer of a catalytic 
material Which oxidises, i.e. burns off soot at and above 350° 
C. The ?lter 5 is thereby self-regenerating, and When the 
engine is running in a stable mode, the exhaust gas leaves the 
?lter at 350° C. As DPF 5 is installed doWnstream of the DOC, 
Where NO2 is formed, and as NO2 is an oxidant, NO2 from the 
DOC makes the DPP self-regene-rating at temperatures of 
250-350° C. dependent of the NO2 content. 

The oxidised and ?ltered gas 6 still contains NOX, Which is 
selectively catalytically reduced (SCR) by ammonia in the 
presence of an SCR-catalyst 8. Most often ammonia is added 
as an aqueous solution of urea 7, Which is thermally decom 
posed, and Which is easier to store than ammonia in a vehicle 
compartment. This urea decomposition takes place at 180 
200° C. and above. Alternatively, ammonia formate can be 
used as reducing agent. The reduction of NO,C is optimally 
conducted at 350° C. and the puri?ed exhaust gas 9 leaves the 
SCR catalyst at 350° C. 
When a cold diesel engine is started and the exhaust gas 

puri?cation system is cold as Well, the system shoWn in FIG. 
1 is about 180° C., as shoWn in Table 1. 

In this typical loW temperature operating case We have the 
folloWing situation: 
DOC 2 has too loW temperature to start fuel combustion to 

elevate the temperature. The temperature of DPF 5 is too loW 
to combust soot, Which accumulates in the ?lter, and pressure 
drop builds up. The higher the pressure drop is, the higher the 
fuel penalty, i.e. requirement of additional fuel, the diesel 
engine Will experience. If the pressure drop reaches high 
levels, the system has to be forced to be regenerated by 
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4 
increasing the temperature of the Whole exhaust system. This 
can in this case be done by changing the operating parameters 
for the engine. LoW temperature in stream 6 prevents fully 
conversion of urea to ammonia, Which is needed for the SCR 
catalyst 8 to remove NOX. This creates risk to form deposits in 
the exhaust pipes and high slip levels of ammonia, and, fur 
ther, the SCR catalyst 8 is not very e?icient in removing NO,C 
at loW temperatures. 

Still referring to FIG. 1 after start of the engine When the 
DOC 2 is heated to 250° C. by the exhaust gas 1 leaving the 
engine, the exothermal reaction With fuel can be started in the 
DOC 2, and the formed heat raises the temperature of the 
exhaust gas. In DPF 5 the temperature level is then suf?cient 
to combust soot at the same rate as it is deposited on the ?lter. 
Constant passive regeneration is a key element of the inven 
tion. In this Way the ?lter is not accumulating any soot result 
ing in a loW steady pressure drop for the diesel engine puri 
?cation system, and there is no longer any need for forced 
soot regeneration. The temperature outlet DPF 5 is 350° C., 
Which is a good temperature for converting urea to ammonia 
for the SCR catalyst 8 Without risk of deposits in the pipes. 
Optimal operating temperature for the SCR catalyst 8 is 
obtained, and by this an excellent NOx conversion is achieved 
With only a limited ammonia slip. 

The temperatures obtained With a Warm engine are shoWn 
in Table 1. 

Until the above temperatures are reached, untreated, poi 
sonous exhaust gas is sent to the atmosphere. 

TABLE 1 

Stream No. 

1 4 6 9 

Cold engine 180° C. 180° C. 180° C. 180° C. 

Warm engine 250° C. 350° C. 350° C. 350° C. 

The invention provides a method and apparatus, Which 
shorten the time from start of a cold engine and until 250° C. 
for DOC-catalyst is obtained, and Which keep the temperature 
of the DOC at or above 250° C. With only a limited or even 
Without fuel addition upstream of the DOC. This is obtained 
by installing a feed/ef?uent heat exchanger across the puri? 
cation system, Which is shoWn in FIG. 2. The exhaust gas 1 
enters a feed/effluent heat exchanger 10. When a Warm engine 
is running With Warm exhaust gas puri?cation system, the 
heat in stream 9 created by the puri?cation system, is used to 
heat the feed exhaust gas 1 in the feed/effluent heat exchanger 
10. Exhaust gas stream 11 is by this heated to 320° C., Which 
decrease the need of fuel to be added upstream of the DOC 2 
for reaching optimal reaction temperatures. The puri?ed 
exhaust gas 9 ?oWs at 350° C. to the other side of the heat 
exchanger 10, from Where the gas stream 12 leaves at 230° C. 
These temperatures are shoWn in Table 2. 

The requirement for optimised system performance at a 
limited additional fuel cost is to include a highly-ef?cient 
counter-current ?oW heat exchanger in the setup. The heat 
exchanger needs to have a high heat ef?ciency to recover mo st 
of the heat of the e?°luent gases. At the same time, the heat 
exchanger must only create a minimum of pressure drop. By 
this, optimal, e?icient exhaust gas cleaning is quickly 
obtained. 
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TABLE 2 

Stream No. 

1 11 4 6 9 12 

System 200° C. 320° C. 350° C. 350° C. 350° C. 230° C. 
With heat 
exchanger 

To further optimize the total system operation and mini 
mize unnecessary pressure drop over the heat exchanger the 
heat exchanger is equipped With by-pass both on the feed side 
and on the e?iuent side. The heat exchanger can then be 
bypassed, When not needed for the system operation. The 
preferred system design is shoWn in FIG. 3. On the engine 
e?iuent side of the heat exchanger, by-pass 14 is installed, 
equipped With a vane 15 and on the Warm, puri?ed e?iuent 
side, by-pass 16 equipped With vane 17 is installed. 
The position of the vanes is controlled by the temperature 

of the engine e?iuent gas and of the temperature of the 
exhaust gas upstream of the DOC catalyst. 

The temperature of exhaust gas 4 outlet of the DOC is 
measured and the signal is used for automatic control of 
addition of fuel 3 for oxidising, When this is possible and 
needed. 

Similarly, the temperature of exhaust gas 6 inlet of the SCR 
catalyst is measured. The temperature signal is used for con 
trolling that the urea solution 7 is not injected, When the 
temperature is too loW. 

Another embodiment of the invention is shoWn in FIG. 4. 
In this puri?cation process, the exhaust gas 4 flows from the 
DOC to the SCR and thereafter to the DPF. This has the 
advantage that NO2/NO,C ratio is easier to control. The DPF of 
this embodiment must operate at a higher temperature. 
When the heat exchanger is not needed, it is by-passed and 

unnecessary pressure drop is avoided. 
When the engine outlet exhaust temperature is above 350° 

C., there is no need to add more heat to the system since the 
catalysts already operate optimally. The fuel injection is 
stopped and the heat exchanger is bypassed on both sides, 
avoiding the pressure drop otherwise created in the heat 
exchanger. 
When the temperature of the DOC is too loW (beloW ca 

200° C. depending on composition) the DOC cannot combust 
diesel fuel. Diesel fuel can therefore not be added before the 
DOC reaches its so called light off temperature. Since there is 
no created heat during such case, the heat exchanger should 
be bypassed on both sides having the further bene?t that the 
exhaust heat directly goes to the DOC to reach the light off 
temperature as quickly as possible. When the DOC reaches 
light off temperature, diesel fuel can be added and the heat 
exchanger should be taken into operation by closing both 
by-pass vanes. 
NoW a substantial part of the heat to the DOC catalyst and 

to the rest of the puri?cation system is taken from the heat 
exchanger by heat recovery of the heat in the puri?cation 
e?iuent stream 9, instead from the fuel reacting in the DOC 
catalyst. This heat exchange decreases the fuel consumption. 

Later, When the engine outlet exhaust temperature is above 
350° C., then there is no need to add more heat to the system 
since the catalysts already operate optimally. The diesel inj ec 
tion is stopped and the heat exchanger is bypassed. 

To control the bypassing of the heat exchanger, the folloW 
ing simple algorithm can therefore be used: 

Inlet DOC temperature<Light-off temperature: opened by 
pass vanes, 
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6 
Inlet DOC temperatureZLight-off temperature: closed by 

pass vanes, 
Engine exhaust temperature<350o C.: 

vanes. 

Engine exhaust temperature§350o C.: opened by-pass 
vanes, 
The requirements to the design of this feed/ef?uent heat 

exchanger are self-contradicting. The heat exchanger must be 
e?icient, i.e. a very good heat transfer must be obtained, the 
heat exchanger must be as small as possible, and, on the other 
hand, the created pressure drop in the heat exchanger must be 
very loW. 

Such requirements are obtained With the heat exchanger of 
the invention. FIG. 5 shoWs the heat exchanger With housing 
21 and, Where the exhaust gas 1, Which is fed to the puri?ca 
tion, ?oWs into the heat exchanger and leaves it heated as 
stream 11, While the puri?ed stream 9 is cooled in the heat 
exchanger and leaves the Whole system as stream 12. 

FIG. 6 illustrates that the heat exchanger comprises a num 
ber of thin, metallic plates 20 installed in parallel, Which are 
kept apart from each other by a plurality of metallic Wires. 
When the plates are rectangular, the housing has the shape of 
a box. 

FIG. 7 shoWs the Wires 25, Which are thicker than the 
plates. The Wires are placed in parallel With each other and 
each is forming an S. When the Wires are squeezed betWeen 
tWo plates, the Wires and the plates form a plurality of chan 
nels 26. In every second layer, the channels have a form as an 
S, and in the other layers the shape of the channels form 
mirror image of an S. In the straight part of the channels 26, 
the feed How and the ef?uent How on each side of a plate How 
in counter-current making the heat exchanger very ef?cient. 

FIG. 8 shoWs a box 28, Which contains the How passages 
for the tWo by-pass streams, the puri?cation feed stream 1 and 
the puri?cation e?iuent stream 9 enter the by-pass box from 
the same side and leave as streams 11 and 12, respectively. 

FIG. 9 illustrates the by-pass channels seen from above, 
from Where it appears hoW the streams How. To control the 
amount of gas Which ?oWs in the by-pass channels, one or 
more vanes are installed in each channel. In FIG. 9, one vane 

in each channel is shoWn, vane 15 is installed in by-pass 14 
and vane 17 is installed in by-pass 16, Which control the 
amounts of gas by-passing the heat exchanger on both sides. 
The box is elongated, and the tWo inlets are situated on one 

long side and the tWo outlets are situated on the opposite side. 
In the box, the tWo channels are separated from each other 

by a plate going from one end to the other. In a box, Where the 
streams enter and leave horizontally, the channels are sepa 
rated at the ends by a vertical part of the plate. The Whole plate 
tWists 180°, so f.inst. in the middle of the box the plate is 
horizontal. In this Way, the inlets and outlets of the by-passes 
are situated just next to the corresponding inlets and outlets of 
the heat exchanger. 

FIG. 10 illustrates hoW the by-pass channels are built on the 
heat exchanger, Which saves much space. By-pass box 28 is 
installed on top of exchanger housing 21. Stream 9 ?oWs in a 
common inlet cone to the heat exchanger and to the by-pass, 
similarly from FIG. 10 it is seen that also stream 1 ?oWs into 
and streams 11 and 12 How out of common inlet and outlet 
cones, respectively. 

In another embodiment of the invention, the surface of the 
feed side of the heat exchanger is covered by a layer of DOC. 
This enables an even quicker heating of the puri?cation sys 
tem. 

In yet another embodiment, the diesel particulate ?lter is at 
least partly covered by a layer of SCR-catalyst, and a separate 
device for SCR is avoided. 

closed by-pass 
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In yet another embodiment, the SCR of NO,C is installed 
up-stream of the DPF. 

In yet another embodiment of the invention, an ammonia 
slip catalyst can be installed either as a separate catalyst 

8 
Test Results 

Tests Were conducted With exhaust gas from a 12 1 diesel 
engine from a big van. 
The exhaust gas Was passed through one side of a heat 

exchanger, fuel Was subsequently added before oxidation 
downstream of the SCR Catalyst or as a downstream pan of 5 over a DOC, and the oxidised exhaust gas Was cooled in the 
the SCR catalyst. - - 

_ _ _ _ other side of the heat exchanger, thereby heating the gas from 
The method and System Ofthe mYennOn ls_useful for Pun' the engine to the DOC. The heat exchanger Was equipped 

?cation of exhaust gasses from diesel engines, especially with a by_pass on each Side_ 
from engines, frequently start a cold motor. The heat exchanger and the around Were insu 

10 . . . . 

lated, hoWever, With a thinner layer of insulation than a layer, 
EXAMPLE Which Will be used in a vehicle. 

The test results are given in Table 3, Where AP is pressure 
One embodiment of the invention is described beloW. It is drop over the 001d side of the heat exchanger, T1, T2, T3 and 

useful for cleaning 500 kg/h exhaust gas from a diesel engine. 15 T4 are? t?mp?ramres inlet 9919 Side of heat exchanger, Outlet 
The System Comprises DOC With upstream fuel injection’ cold side of heat exchanger, 1nlet Warm side of heat exchanger 

DPF, SCR With upstream urea solution injection, feed/efflu- and ou‘t‘let Warm sldf of heat exchangerirespecnvelx; and 
. . . . Where DOC before means temperature 1nlet DOC, DOC 

ent heat exchanger for this puri?cation section, by-pass chan- ,, - - 
_ after means temperature outlet DOC and HEX pos1t1on (op 

nel On_ feed and on effluent 51d? of the heat exchanger and eration mode) is given as by-pass valves closed, C, or by-pass 
vanes In each bypass Channe1~Th1S System15 shown In FIG' 3' 20 valves open, O. It appears clearly, that a heater creates some 

The Size of the exhaust gas Pipe is 4" (100 mm), Which is pressure drop compared With operation With open by-pass 
enlarged to 10"-12" (250 mm-300 mm), Where the DOC, DPF valve 
and SCR catalyst are installed. The tests shoW that even With very cold engine exhaust, ie 

The heat exchanger, Which is installed around the puri?ca- far beloW Where fuel can be catalytically oxidised and create 
tion system of a big van With a 12 1 engine, consists of 200 25 heat, the DOC Will perform When a heater is installed. 
plates, Which each is 200x800 mm and 0.2 mm thick. Especially, test run at 14:56 shoWs that With gas exhausted 
BetWeen the plates 1 mm thick Wires are installed in the kind from engine at 171° C. and With the heater in line 348° C. are 
of S-shape as shoWn in FIG. 7 the space betWeen tWo Wires is obtained outlet DOC, Which is the optimal temperature for a 
19 mm. This heat exchanger has thereby approximately the Diesel Particulate Filter, Which most often folloWs after a 
siZe 200x800><240 mm, and the plates and Wires are suitably 30 DOC, to burn off solid impurities. 
made from Cr steel SS 409. This is in contrast to test run at 15:04, Where the engine 
On top of this heat exchanger, the box of the by-passes is exhaust is 243° C., but Where the heat exchanger is by-passed 

installed as shoWn on FIG. 10. The by-pass box is 120 mm resulting in a DOC outlet temperature of 272° C., Where no 
high, Whereas the length and the Width are the same as for the soot or other solid hydrocarbon remains Would be burned off 
heat exchanger. in a subsequent diesel particulate ?lter. 

TABLE 3 

Test I Lund 
Scania 12 I 

HEX + HCini + DOC 

Efficiency Ei?ciency 
heating cooling 

Heat (T2 — T1)/ (T3 — T4)/ 
HEX TDOC TDOC T2 — T3 — transfer (T3 — T1) (T3 — T1) AT 

posi- Ap T1 T2 before HC after T3 T4 RPM Torque T1 T4 (T2 — Tl)/ gas from gas from DOC 
Time tion mBar ° C. ° C. ° C. inj ° C. ° C. ° C. l/rnin Nm ° C. ° C. (T3 — T4) engine DOC ° C. 

14:25 C 152.00 365 335 324 + 402 337 1230 500 —30 
14:30 C 152.00 366 336 325 + 401 369 338 1230 500 —30 31 —0.97 —10.00 10.33 76 
14:35 C 152.00 367 335 327 + 399 368 338 1230 500 —32 30 —1.07 —32.00 30.00 72 
14:40 C 131.00 298 320 315 + 395 361 302 1230 290 22 59 0.37 0.35 0.94 80 
14:42 C 131.00 291 316 311 + 396 362 296 1230 290 25 66 0.38 0.35 0.93 85 
14:44 C 120.00 244 304 301 + 394 360 274 1230 180 60 86 0.70 0.52 0.74 93 
14:45 C 120.00 237 300 297 + 400 361 266 1230 180 63 95 0.66 0.51 0.77 103 
14:49 C 107.00 185 289 291 + 400 363 242 1230 0 104 121 0.86 0.58 0.68 109 
14:50 C 106.00 175 284 288 + 398 358 231 1230 0 109 127 0.88 0.60 0.69 110 
14:51 C 104.00 167 279 284 + 399 360 225 1230 0 112 135 0.83 0.58 0.70 115 
14:52 C 113.00 211 281 283 + 390 356 231 1230 180 70 125 0.56 0.48 0.86 107 
14:56 C 117.00 226 171 272 + 348 323 241 1230 180 —55 82 —0.67 —0.57 0.85 76 
14:57 C 117.00 228 269 271 + 349 320 241 1230 180 41 79 0.52 0.45 0.86 78 

15:04 O 6.80 243 230 227 272 240 231 1230 180 —13 9 —1.44 4.33 —3.00 45 
15:05 O 6.70 252 238 237 339 302 281 1230 310 —14 21 —0.67 —0.28 0.42 102 
15:26 O 7.42 267 238 229 226 199 182 1230 450 —29 17 —1.71 0.43 —0.25 —3 

15:28 O 7.70 281 256 250 + 259 232 212 1230 450 —25 20 —1.25 0.51 —0.41 9 
15:34 O 8.34 294 276 271 + 365 343 311 1230 430 —18 32 —0.56 —0.37 0.65 94 
15:40 O 8.46 294 284 273 + 400 370 339 1230 430 —10 31 —0.32 —0.13 0.41 127 

15:42 O 8.61 294 286 276 + 406 387 353 1230 430 —8 34 —0.24 —0.09 0.37 130 
15:44 O 7.53 265 261 254 + 394 381 349 1230 310 —7 32 —0.22 —0.06 0.28 140 
15:46 O 7.18 247 249 240 + 380 373 344 1230 270 2 29 0.07 0.02 0.23 140 

15:50 O 18.00 460 421 414 + 487 449 410 1230 1000 —39 39 —1.00 3.55 —3.55 73 
15:52 O 7.82 290 295 290 + 430 427 394 1230 270 5 33 0.15 0.04 0.24 140 
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TABLE 3-continued 

Test I Lund 
Scania 12 I 

HEX + HCini + DOC 

E?'lCl?HCy Ef?ciency 
heating cooling 

Heat (T2 — T1)/ (T3 — T4)/ 
HEX TDOC TDOC T2 — T3 — transfer (T3 — T1) (T3 — T1) AT 

posi- Ap T1 T2 before HC after T3 T4 RPM Torque T1 T4 (T2 — T1)/ gas from gas from DOC 
Time tion mBar ° C. O C. O C. inj ° C. O C. O C. 1/min Nm ° C. O C. (T3 — T4) engine DOC ° C. 

15:55 O 7.18 259 265 258 + 399 397 370 1230 270 6 27 0.22 0.04 0.20 143 
15:56 O 7.19 254 257 253 + 400 392 368 1230 270 3 26 0.12 0.02 0.19 147 
15:57 C 129.00 274 327 303 + 469 420 291 1230 270 53 129 0.41 0.36 0.88 166 
15:59 C 129.00 272 335 329 + 470 423 292 1230 270 63 131 0.48 0.42 0.87 141 
16:01 C 129.00 273 326 325 + 431 394 289 1230 270 53 105 0.50 0.44 0.87 106 
16:02 C 129.00 274 322 320 + 425 385 288 1230 270 48 97 0.49 0.43 0.87 105 
16:04 C 129.00 272 309 308 + 350 335 280 1230 270 37 55 0.67 0.59 0.87 42 
16:06 C 119.00 244 286 249 + 343 320 264 1230 150 42 58 0.75 0.55 0.74 94 
16:07 C 116.00 233 273 272 + 341 314 251 1230 150 40 63 0.63 0.49 0.78 69 
16:09 C 116.00 229 268 270 + 342 312 246 1230 150 39 66 0.59 0.47 0.80 72 
16:10 C 115.00 229 265 267 + 340 313 242 1230 150 36 71 0.51 0.43 0.85 73 

The invention claimed is: 
1. A system for puri?cation of an exhaust gas from a com 

bustion engine, wherein the system comprises in series 
a heat exchanger; 
a diesel oxidation catalyst; a diesel particulate ?lter; and 
a selectively reducing catalyst; 

and wherein the heat exchanger has 
a ?rst side communicating with inlet side of the diesel 

oxidation catalyst and being equipped with a by-pass 
across the ?rst side of the heat exchanger; 

a second side communicating with outlet side of the selec 
tively reducing catalyst and being equipped with a by 
pass across the second side of the heat exchanger; 

at least one vane installed in the by-pass across the ?rst side 
of the heat exchanger adapted to control the amount of 
exhaust gas ?owing through the ?rst side of the heat 
exchanger; and 

at least one vane installed in the by-pass across the second 
side of the heat exchanger adapted to control the amount 
of exhaust gas ?owing through the second side of the 
heat exchanger; 

a housing; 
a number of rectangular plates installed in parallel in the 

housing forming spaces between adjacent plates; 
a plurality of wires disposed in the spaces between the 

adjacent plates, the wires being squeezed between the 
adjacent plates, so that two adjacent wires of said plu 
rality of wires and the adjacent plates form channels; 

the channels in every other space forming a ?rst set of 
channels, the channels of the ?rst set of channels in 
parallel with each other and having an S-shape, so that 
the channels of the ?rst set of channels lead a gas stream 
from one comer of the plates to a diametrically opposite 
corner; 

the channels in the remaining spaces between adjacent 
plates forming a second set of channels, the channels of 
the second set of channels having a shape that is a mirror 
image of the S-shape of the ?rst channels of the ?rst set 
of channels; and 

inlets for gas streams ?owing through the channels of the 
?rst and second sets of channels are positioned on the 
same side of the housing, thereby obtaining counter 
current gas ?ow through the channels of the ?rst and 
second sets of channels. 
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2. The system according to claim 1, wherein the tempera 
ture in the oxidising catalyst is controlled by means of the 
vane in the by-pass across the ?rst side of the heat exchanger 
passing at least a part of the gas from the engine through the 
?rst side of the heat exchanger, and by means of the vane in 
the by-pass across the second side of the heat exchanger 
passing at least a part of the exhaust gas through the second 
side of the heat exchanger. 

3. The system according to claim 1, further comprising a 
reducing agent addition injector, wherein the reducing agent 
addition injector and the selectively reducing catalyst are 
installed between the diesel oxidation catalyst and the diesel 
particulate ?lter. 

4. The system according to claim 1, wherein at least part of 
the surface of the ?rst side of the heat exchanger is coated with 
a diesel oxidising catalyst. 

5. The system according to claim 1, wherein at least part of 
the surface of the ?lter is coated with an oxidising catalyst. 

6. The system according to claim 1, wherein at least part of 
the surface of the ?lter is coated with a selectively reducing 
catalyst. 

7. The system according to claim 1, wherein the housing 
has a shape of a box. 

8. The system according to claim 1, wherein 
each by-pass forms a by-pass channel for a corresponding 

by-passing stream; 
the two by-pass channels form a by-pass channel box; 
inlets for the two by-passing streams are placed on a com 
mon side of the by-pass channel box; 

outlets for the two by-passing streams are placed on a 
common side of the by-pass channel box; and 

each of the two by-passing streams enters at one side of the 
by-pass channel box and leaves at the opposite side of 
the by-pass channel box. 

9. The system according to claim 8, wherein 
the by-pass channel box with the by-pass channels is 

placed on the heat exchanger housing; 
inlets for the gas streams ?owing through the heat 

exchanger and through the by-pass channel box are 
placed adjacent to each other; and 

outlets for the gas streams ?owing through the heat 
exchanger and through the by-pass channel box are 
placed adjacent to each other. 

* * * * * 


